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1
MANAGEMENT SYSTEM WITH
ACOUSTICAL MEASUREMENT FOR
MONITORING NOISE LEVELS

BACKGROUND

The embodiments described herein relate to management
systems, and more specifically, to building management sys-
tems including acoustical measurement systems for monitor-
ing noise levels.

Excessive noise in datacenters and other indoor spaces is
becoming an increasing concern as increasingly powerful
computing devices are coming on line. Generally, however,
owners of datacenters are incapable of accurately measuring
noise levels and then using those measurements to alert per-
sonnel or to make necessary changes.

In some previous solutions, microphone stands have been
disposed throughout a given space to make acoustic measure-
ments. These stands are typically cumbersome and tend to
interfere with free movement of personnel and equipment.
The microphones themselves are often expensive and easily
damaged. In other solutions, an individual with a sound level
meter has been tasked with testing sound levels around a
space. This is expensive, time consuming and generally unre-
liable, and it does not provide continuous monitoring of the
noise levels.

SUMMARY

According to one embodiment, a system is provided and
includes a plurality of acoustic devices disposed in locations
arrayed throughout a defined space, each one of the plurality
of'acoustical devices being receptive of acoustical attributes
such as sound or noise levels generated in the defined space
and configured to issue signals reflective of the generated
acoustical attributes and an acoustic data unit disposed in
signal communication with each of the plurality of acoustic
devices. The acoustic data unit is receptive of the signals
issued from the plurality of acoustic devices and configured to
convert the signals into digital acoustic data and to output the
digital acoustic data in a serialized format compatible with a
network protocol.

According to another embodiment, a management system
is provided and includes a process control system operating in
accordance with a network protocol and an acoustic measure-
ment system. The acoustic measurement system includes a
plurality of acoustic devices disposed in locations arrayed
throughout a defined space, each one of the plurality of acous-
tic devices being receptive of acoustical attributes such as
sound or noise levels generated in the defined space and
configured to issue signals reflective of the generated acous-
tical attributes and an acoustic data unit disposed in signal
communication with each of the plurality of acoustic devices
and the process control system. The acoustic data unit is
receptive of the signals issued from the plurality of acoustic
devices and configured to convert the signals into digital
acoustic data and to output the digital acoustic data to the
process control system in a serialized format compatible with
the network protocol.

According to another embodiment, a method of measuring
sound and noise in a defined space is provided and includes
defining an array of locations throughout the defined space,
disposing a plurality of acoustic devices in the defined loca-
tions, receiving, at an acoustic data unit, acoustic data from
the plurality of acoustic devices and outputting, from the
acoustic data unit, the acoustic data in a serialized format that
is compatible with a network protocol.
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2

Additional features and advantages are realized through
the techniques of the present embodiments. Other embodi-
ments and aspects are described in detail herein. For a better
understanding of the embodiments with the advantages and
the features, refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The subject matter which is regarded as the embodiments is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The forgoing and other
features, and advantages of the embodiments are apparent
from the following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a schematic diagram of a building management
system including an acoustical measurement system in accor-
dance with embodiments;

FIG. 2 is a perspective view of a plurality of acoustical
devices of the acoustical measurement system in accordance
with embodiments; and

FIG. 3 is a plan view of an acoustical device disposed in a
concealed location.

DETAILED DESCRIPTION

An array of microphones may be mounted in, for example,
a ceiling of a data center or another type of indoor space or
simply a defined space to be receptive of generated acoustical
attributes, such as sound or noise levels. Auxiliary instrumen-
tation is then provided to power the microphones, to perform
analog/digital (A/D) conversion of signals generated by the
microphones and to detect sound levels in and around each
microphone in decibels (dBs). A network allows for the
microphones to be networked with the auxiliary instrumen-
tation and a general management system such that the micro-
phones can be sequentially sampled so that their signals can
be integrated to a process control system run by the manage-
ment system. Thus, “real time” noise levels sensed by the
microphones can be monitored and displayed and also “back
propagated” to typical and specified ear-height locations
throughout the space.

With reference to FIGS. 1 and 2, a management system 10
is provided for performing various types of condition mea-
surements in a defined space 11. The defined space 11 may be
an indoor space, such as a datacenter, or, in some cases, to an
outdoor space with defined parameters. In either case, the
defined space 11 may refer to a single defined space or to
multiple defined spaces. In the latter instance, the defined
space 11 may refer to an indoor space that is divided into
multiple smaller indoor spaces, such as an office building
with a plurality of offices.

For purposes of clarity and brevity, with reference to FIG.
2, the following description will relate to the exemplary case
in which the defined space 11 relates to an indoor space for
use as a datacenter 100. As shown, the datacenter 100
includes multiple computing devices 101 that are each con-
figured to generate a given level of acoustical output (i.e.,
sound or noise) in accordance with currently running opera-
tions. This acoustical output may, at times, exceed certain
limits. Thus, the acoustical output should be monitored as
described below.

To this end, the management system 10 includes a process
control system 20, an acoustical measurement system 30, a
plurality of acoustical devices 40, which may be regarded as
components of the acoustical measurement system, and one
or more networks 50, which are configured to facilitate com-
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munication between the various features of the management
system 10. The process control system 20 manages and con-
trols various conditions within the defined space 11 and may
be embodied as a central computer 21 (i.e., a personal com-
puter or a server), which is either disposed on the premises or
located remotely, and which may include a user interface 210.
The user interface 210 permits review of digital acoustical
data in a serialized format (to be described below) as well as
issuance of alarms indicating threshold violations. The pro-
cess control system 20 operates in accordance with a building
management system (BMS) open communication protocol
such as Modbus, BACnet, LONWORKS and/or open process
control (OPC). As a general matter, the BMS operates in
accordance with one or more standardized network protocols
for process control systems.

As noted above, the acoustical measurement system 30
may include the plurality of acoustical devices 40 and an
acoustical data unit 300. For the exemplary case where the
defined space 11 is the datacenter 100 of FIG. 2, the plurality
of acoustical devices 40 is disposed in the defined space 11
such that each acoustical device 40 is respectively disposed in
a predefined corresponding location. The various locations
for each of the plurality of acoustical devices 40 are arrayed
throughout the defined space 11. In this way, each one of the
plurality of acoustical devices 40 may be positioned to be
receptive of sound or noise generated in the defined space 11.
That is, individual acoustical device 41 may be positioned
proximate to one of the computing devices 101 such that the
acoustical output generated by the one computing device 101
is primarily picked up by the proximal individual acoustical
device 41.

In accordance with embodiments and, with reference to
FIG. 3, one or more individual acoustical devices 41 may be
disposed in a concealed location. For the exemplary case
where the defined space 11 is the datacenter 100 of FIG. 2, the
individual acoustical devices 41 may be installed above and at
a distance from an upper surface of a ceiling 102 of the
datacenter 100. In this case, the acoustical output generated
by one of the computing devices 101 is able to reach the
proximal one of the individual acoustical devices 41 via the
material of the ceiling 102. However, since the one of the
individual acoustical devices 41 is disposed above the ceiling
102, it will not be revealed by casual observations of the
datacenter 100.

As shown in FIG. 3, one or more of the individual acous-
tical devices 41 may include microphones 410. As such,
acoustical and/or other vibratory signals are receivable by the
individual acoustical devices 41. The individual acoustical
devices 41 then convert the acoustical and/or other vibratory
signals into analog acoustical signals that are reflective of the
sound or noise generated and output by the computing
devices 101.

As shown in FIG. 1, the individual acoustical devices 41
may be respectively coupled to the acoustical data unit 300
via wiring 301 or by way of wireless networking. Similarly,
the acoustical data unit 300 may be coupled to the process
control unit 20 via wiring 302 or by way of wireless network-
ing. In any case, the acoustical data unit 300 is disposed in
signal communication with each individual acoustical device
41 of the plurality of acoustical devices 40 and the process
control system 20. The acoustical data unit 300 is thus recep-
tive of the analog acoustical signals issued from each of the
individual acoustical devices 41 of the plurality of acoustical
devices 40. The acoustical data unit 300 is further configured
to convert the received analog acoustical signals into digital
acoustical data and to output the digital acoustical data to the
process control system 20 in a serialized format that is com-
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4

patible with a process control industry standard network pro-
tocol that will be monitored by the process control system 20.

In accordance with embodiments, the acoustical data unit
300 may include a multiplexer 303, which is coupled to each
individual acoustical device 41 of the plurality of acoustical
devices 40 to be receptive of the analog acoustical signals, an
analog/digital (A/D) converter 304 and a processing unit 305.
The A/D converter 304 is configured to convert the analog
acoustical signals issued from the plurality of acoustical
devices 40 and received by the multiplexer 303 into the digital
acoustical data. In addition, the A/D converter may include a
weighting element 310, a filtering element 311 and a calibra-
tion element 312. The processing unit 305 is configured to
process the digital acoustical data and to organize the digital
acoustical data in the serialized format compatible with the
network protocol.

The weighting element 310 is configured to weight the
analog acoustical signal from each one of the individual
acoustical devices 41 over its frequency range and may do so
by use of a standardized “A-weighting” curve. The filtering
element 311 is configured to extract a mean-square level for
each weighted analog acoustical signal and to convert the
mean square level to logarithmic values (i.e., sound pressure
levels which are given in decibels, a log quantity). The filter-
ing element 311 or another element of the A/D converter 304
then digitizes the logarithmic values. The calibration element
312 is configured to include mathematical calculations to
back-propagate the analog acoustical signals to give the levels
at different points in space from where the individual acous-
tical devices 41 are located. This back-propagation can be
selectively initiated or executed.

In accordance with embodiments, a “calibration” or “vali-
dation” procedure as executed by the calibration unit 312 may
include periodic or non-periodic walk-through acoustical
measurements within the defined space 11 with the results
being stored. These measurements may be of the actual
A-weighted sound pressure level (i.e., a one-number result in
decibels) at ear-height positions to which the main measure-
ments are being “back propagated.” The walk-through mea-
surements thus provide actual values in addition to predicted
values and a matrix of “translation factors” is then generated
and stored. These translation factors can then be employed to
verify that the back-propagation is accurate or to adjust and
“calibrate” the back-propagation calculations based on the
walk-through measurements.

An output of the processing unit 305 is transmitted to the
process control unit 20. The output may include a sequence of
data including, for each individual acoustical device 41, an
identification of a given individual acoustical device 41 (i.e.,
a unique address) and digital acoustical data associated with
the given individual acoustical device 41. The digital acous-
tical data associated with each of the individual acoustical
devices 41 may be, in accordance with some embodiments, a
number representing the A-weighted sound pressure level at
the particular ear-level position in the datacenter 100. This
output is translated or encoded by the processing unit 305
into, for example, an open automation communications pro-
tocol.

The process control unit 20 may also be provided with high
and low alarm threshold values that can be set automatically
or by an administrator. Should any of the threshold values be
violated by the digital acoustical data, a summary alarm func-
tion could be activated. In accordance with embodiments, the
summary alarm functionality may have corresponding com-
munications registers as well as a relay contact output as part
of the noise monitoring system. The contact output could be
tied to a BMS system as a digital input to provide alarm
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indication. The refresh rate of this system can provide real-
time or near real-time sound/noise data to any BMS system.

In accordance with aspects and, as described above, a
method of measuring sound or noise levels in a defined space
is provided. The method includes defining an array of loca-
tions throughout the defined space, disposing a plurality of
acoustical devices in the defined locations, receiving, at an
acoustical data unit, acoustical data from the plurality of
acoustical devices, and outputting, from the acoustical data
unit, the acoustical data in a serialized format that is compat-
ible with a network protocol. The method may further include
coupling the acoustical data unit to a process control system
operating in accordance with the network protocol such that
the process control system is receptive of the acoustical data
in the serialized format.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the embodiments. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one more other features, integers, steps, opera-
tions, element components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present embodiments has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the embodiments in the form disclosed.
Many modifications and variations will be apparent to those
of'ordinary skill in the art. The embodiments were chosen and
described in order to best explain principles and their practi-
cal application, and to enable others of ordinary skill in the art
to understand the embodiments with various modifications as
are suited to the particular use contemplated.

While the preferred embodiments have been described, it
will be understood that those skilled in the art, both now and
in the future, may make various improvements and enhance-
ments which fall within the scope of the claims which follow.
These claims should be construed to maintain the proper
protection for the embodiments first described.

What is claimed is:

1. A method of measuring acoustics in a defined space,
comprising:

defining an array of concealed locations throughout the

defined space;

concealing a plurality of acoustic devices in the defined

concealed locations by disposing the acoustic devices
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above and at a distance from an upper surface of a ceiling
having material through which acoustics pass to reach
the acoustic devices;

receiving, at an acoustic data unit, acoustic data from the

plurality of acoustic devices;

converting the acoustic data by back-propagating the

acoustic data to a level associated with a different point
in space from where the corresponding acoustic device
is located and digitizing the back-propagated acoustic
data; and

outputting, from the acoustic data unit, the converted

acoustic data in a serialized format that is compatible
with a network protocol.

2. The method according to claim 1, further comprising
coupling the acoustic data unit to a process control system
operating in accordance with the network protocol such that
the process control system is receptive of the converted
acoustic data in the serialized format.

3. The method according to claim 1, further comprising:

multiplexing, at the acoustic data unit, the acoustic data

from the plurality of acoustic devices;

converting analog signals from the plurality of acoustic

devices to digital signals; and

organizing the digital signals into the serialized format.

4. The method according to claim 3, wherein the converting
comprises:

weighting the analog signal from each acoustic device over

a frequency range thereof;

extracting a mean-square level for each weighted analog

signal;

converting the mean-square level to logarithmic values;

digitizing the logarithmic values.

5. A method of measuring acoustics in a defined space,
comprising:

concealing acoustic devices above and at a distance from

an upper surface of a ceiling in the defined space such
that acoustics pass through ceiling material to reach the
acoustic devices;

receiving analog acoustic data reflective of the acoustics

passing through the ceiling material from each acoustic
device;

back-propagating the analog acoustic data for each acous-

tic device to a level associated with a different point in
space from where the corresponding acoustic device is
located;

converting the back-propagated, analog acoustic data into

digitized data; and

outputting, in a serialized format compatible with a net-

work protocol, the digitized data for each acoustic
device in a sequence including, for each acoustic device,
the digitized data and an identification of the corre-
sponding acoustic device.
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